Several studies have indicated that cortisone and ACTH may inhibit the cardiovascular and renal lesions which ordinarily develop in rabbits following large intravenous injections of foreign protein. Rich and coworkers (I-3) reported a reduction in the incidence of both the cardiovascular and renal lesions in rabbits receiving horse serum and treated with ACTH or cortisone. Seifter and colleagues (4) found that cortisone inhibited the development of the cardiovascular lesions but did not prevent the occurrence of renal lesions in rabbits receiving horse serum. However, Moll and Hawn (5) found that the renal lesions which ordinarily develop in rabbits following the injection of bovine gamma globulin were inhibited by ACTH or cortisone.
Several studies have indicated that cortisone and ACTH may inhibit the cardiovascular and renal lesions which ordinarily develop in rabbits following large intravenous injections of foreign protein. Rich and coworkers (I-3) reported a reduction in the incidence of both the cardiovascular and renal lesions in rabbits receiving horse serum and treated with ACTH or cortisone. Seifter and colleagues (4) found that cortisone inhibited the development of the cardiovascular lesions but did not prevent the occurrence of renal lesions in rabbits receiving horse serum. However, Moll and Hawn (5) found that the renal lesions which ordinarily develop in rabbits following the injection of bovine gamma globulin were inhibited by ACTH or cortisone.
At present, the mechanism by which ACTH and cortisone produce these effects is poorly understood. Inhibition of antibody formation, interference with antigen-antibody combination, and suppression of the inflammatory reaction resulting from antigen-antibody combination are possible explanations. In previous studies (5, 7) it was demonstrated that cortisone and ACTH suppress the appearance of circulating antibody in rabbits receiving intracutancous injections of antigen. Further, it was shown that the inhibition of the Arthns reaction by cortisone, both in rabbits (7) and in guinea pigs (8) , depended on the hormonal suppression of circulating antibody.
There is conflicting evidcnce regarding the ability of cortisone to alter antibody formation following large intravenous injections of foreign protein. Rich and coworkers (I-3) reported that neither cortisone nor AC-q'H influenced the precipitin titer (antigen dilution method) in rabbits receiving horse serum intravenously. However, Moll and Hawn (5) found that although ACTH did not inhibit antibody formation, cortisone entirely suppressed the appearance of circulating antibody in rabbits receiving an intravenous injection of bovine * This study was initiated at the Microbiological Institute, Bethesda, ~md was supported in part by a grant from the Microbiological Institute, of the National Institutes of Health, gamma globulin. The studies by Rich and coworkers suggest that the lesions of serum sickness may be inhibited by cortisone or A C T H despite the presence of antibody as measured by the occurrence of both Arthus reactions and circulating precipitins.
Recently it was demonstrated in this laboratory that the administration of crystallized bovine albumin to rabbits produces a consistently large number of cardiovascular, renal, and lymphoid tissue lesions (9) . The occurrence of these lesions was correlated with the "immune" phase of antigen elimination. This experimental procedure provided a method by which the relationship between immune response and development of tissue lesions under various conditions could be accurately ascertained. The present paper describes the action of cortisone in modifying the immunological and histological changes in rabbits that had received a single intravenous injection of bovine albumin.
Material and Methods
Crystallized bovine plasma albumin (Armour and Co.) was dissolved in 0.85 per cent saline to form a 10 per cent solution. The pH was brought to 7.4 by the addition of solid sodium bicarbonate.
Cortisone acetate was obtained from Merck and Co., Inc., in a saline suspension containing 25 rag. per ml.
A series of 60 white male rabbits weighing approximately 2 kg. were used as follows: 25 rabbits were injected intravenously with 0.5 gin. of bovine albumin. 25 rabbits were injected intravenously with 0.5 gm. of bovine albumin and were treated with single dally intramuscular injections of 10 mg. of cortisone acetate for 10 days and 5 rag. of cortisone acetate for 2 additional days. 10 rabbits were kept under the same conditions as the above experimental animals but received neither bovine albumin nor cortisone acetate.
Samples of blood of 5 ml. volume were taken from the marginal ear veins of 15 of the 25 control rabbits, 15 of the 25 cortisone-treated rabbits, and 5 of the 10 normal rabbits at 5 minutes and 2, 4, 6, 8, and 10 days after the injection of albumin. The sera from these samples, and others taken at the time of sacrifice, were used to determine the rate of antigen elimination and the time of antibody appearance.
Serum was removed from the specimens of clotted blood within 24 hours after collection and stored in the frozen state at -15°C. until the day of use. The sera from 5 cortisonetreated animals bled on the 12th day were markedly lipemic; the lipid was removed from these by centrifugation at 24,000 G for 1 hour. Repeated freezing and thawing of the serum was found to facilitate separation of lipid during centrifugation. This procedure did not affect the antibody or antigen content of non-lipemic sera treated in the same way.
Qualitative tests for the presence of antigen were carried out on each sample of unknown serum. This was done by layering 0.2 ml. of the unknown sample over 0.2 ml. of a pooled antiserum of high Liter obtained from rabbits immunized with alum-precipitated crystallized bovine albumin, When this test was positive, a quantitative determination of the antigen concentration in the unknown serum was made by the addition of 1 ml. of an appropriate dilution of the serum to 1 ml. of a pooled antiserum. The resulting precipitate obtained after 48 hours in the cold was washed twice with cold saline and analyzed for nitrogen by the Kjeldahl technique (10) . A positive test for excess antibody in the supematant fluid from the unknown was accepted as proof of complete antigen precipitation. After the nitrogen content of the antigen-antibody precipitate had been determined, the amount of antigen nitrogen in the precipitate was obtained by reference to a standard precipitin curve of the particular pooled antiserum employed. This curve was constructed from data representing the amounts of precipitate formed by the addition of known quantities of antigen to 1 ml. portions of the pooled antiserum. In every determination, the dilution of the unknown serum was chosen so that the nitrogen content of the precipitate formed by the addition of the pooled antiserum fell on the relatively straight mid-portion of the curve. At this portion of the curve small increments in the amount of antigen are reflected in large increments of total precipitate. The antigen values obtained from the curve were multiplied by the dilution factor of the original sample to obtain the antigen concentration of the ,ml~nown serum.
Qualitative tests for the presence of antibody were made by the addition of 4 ~g. of antigen N in 0.2 ml. of saline to 0.5 ml. of the unknown serum. When the tests for antibody were positive, quantitative determinations of antibody were performed. Antigen in increments of 2 or 4 ~g. of nitrogen was added to 1 ml. of unknown serum until no further precipitation was observed.1 Antibody nitrogen was calculated by subtraction of the antigen N from total nitrogen found by analysis of the washed precipitate. All serological procedures were carried out at 0-5°C. and were made in duplicate.
One day prior to the day of sacrifice all animals were skin-tested with 1 mg. of antigen in 0.2 ml. of saline. The rabbits were sacrificed by exsanguination and air embolism 12 days after the single intravenous injection of albumin. Histological study included examination of the lungs, heart, thymus, esophagus, thyroid, liver, spleen, pancreas, mesenteric lymph nodes, adrenals, kidneys, testes, intestine, psoas muscle, and skin from the site of the skin test. The kidneys, liver, adrenals, and spleen were weighed. Pieces of tissue were fixed either in 10 per cent formalin or in formalin followed by postchromation in 3 per cent potassium dichromate. Hematoxylin-azure-eosin and hematoxylin-eosin were used for routine staining of tissue sections. Sections of kidneys were stained by the periodic acid-Schiff method in order to study the glomerular basement membranes (11).
EXPEP IME.NTAL RESULTS

(a) Effect of Cortisone on Allergic Lesions.--The autopsy findings observed in
the bovine albumin-injected controls are detailed elsewhere 2 and are summarized in Table I . These findings consisted of a marked arteritis in 28 per cent (7/25) of the animals; subendothelial leucocytic infiltration in the pulmonary arteries or ascending aorta in 72 per cent (18/25); and endocarditis affecting either the aortic or mitral valves in 54 per cent (13/24); a glomerulonephritis in 80 per cent (20/25); and granulomatous lesions in the spleen and lymph nodes in 83 per cent (20/24) and 50 per cent (8/16) respectively of the rabbits. Noneof these lesions were present in the normal animals. I n 44 per cent (11/25) of the rabbits receiving albumin focal collections of lymphocytes and monocytes were seen in the myocardium. Similar lesions were observed in 10 per cent (1/10) of the normal rabbits.
The cortisone-treated group showed far fewer cardiovascular and renal lesions than the untreated animals. None of the cortisone-treated rabbits developed 1 The error involved in the precipitation of antibody by successive addition of antigen instead of by the single addition of the required amount of antigen is discussed in reference 6.
t Data from this group of animals were included in reference 9. Observations on both the control and treated groups of animals were done at the same time. to moderate severity. One of the 23 animals contained focal accumulations of mononuclear cells in the myocardiura. These results are summarized in Table II .
The granulomatous lesions in the spleens were considerably smaller and less abundant in animals receiving cortisone (Fig. 1) . However, in contrast to the low incidence of cardiovascular and renal lesions, the percentage of animals showing some lesion in the spleen was about the same in the treated group as in the controls, The lesions were morphologically similar in the two groups and consisted of an accumulation of epithelioid and occasional giant cells in the § Alterations in kidneys and spleen graded I + to 3+.
splenic follicles (Fig. 2) . Since the lesions in the spleen are confined to the lymphoid follicles, their smaller size may have been due in part to the cortisone-induced atrophy of the Malpighian follicles. Chiefly as a result of the loss of the lymphoid tissue, the spleens of the untreated animals weighed on the average only one-half as much as those of the control animals (Table V) . I n addition to the granulomatous lesions, the change in the lymphoid tissue which ordinarily appears following exposure to foreign protein (12) was present in both the treated and control groups of animals. This alteration was evidenced by the occurrence of large lymphoblasts and lymphoid cells in mitosis in the splenic follicles and the adjacent pulp (Fig. 3) . 
(b) Effect of Cortisone on Antigen Elimination and Development of Antibody.-
The concentration of serum antigen or antibody in each animal at the time of sacrifice is given, together with the histological results, in Tables I and II. I n these tables, the animals are arranged in order of decreasing magnitude of serum antigen concentration and increasing levels of serum antibody present at the time of sacrifice, in order to facilitate correlation of the histological and the immunological findings. The titrations of serum antigen or antibody in 15 control rabbits and 15 cortisone-treated rabbits at various intervals throughout the experimental period are summarized in Tables I I I and IV, and are 
~=
It is evident from an analysis of the tables and the text-figure that the course and rate of antigen elimination were similar in both the treated and untreated animals. In both groups, the disappearance of antigen from the blood showed a characteristic 3 phase pattern consisting of an early phase of rapid antigen loss, a second phase of more gradual antigen disappearance, and a third or so called "immune" phase of accelerated antigen elimination. The presence of a normal third phase of antigen elimination in the cortisone-treated animals is noteworthy since the occurrence of this phase is dependent on antibody production (22, 9) . In both groups of animals, there were some animals which eliminated the antigen slowly, probably owing to failure to develop antibody, and others which had eliminated all of the antigen and showed free serum antibody. Approximately equal numbers of animals in each group (7 of 24 controls --The anatomic alterations produced by cortisone have been described in a previous publication (13) . Similar alterations were encountered in the present experiment. Briefly, these changes consisted of atrophy of the lymphoid tissue of the spleen, mesenteric lymph nodes, and thymus, and marked deposition of glycogen and fat in the liver. These changes were reflected in the average weights of the organs summarized in Table V .
In addition to these changes, a peculiar alteration of the renal glomeruli w a s noted in some of the cortisone-treated animals. This lesion consisted of marked dilatation and increased tortuosity of some or all of the capillary loops of the glomeruli (Fig. 4) . It occurred to a severe degree in 3 animals, to a moderate degree in 7, to a slight degree in 4, and was absent in 9 animals. In the 3 animals with the most severe lesions, several glomeruli in a single section of kidney contained small endocapillary globular masses of homogeneous eosinophilic and Schiff-positive material, and there were protein casts in the renal tubules. Similar giomerular alterations following treatment with cortisone have been described by Rich and his colleagues (14) . It is perhaps pertinent to point out that Cushing noted focal dilatation of cutaneous end-arterioles and capillaries or so called spider telangiectasis in 2 of 12 cases with Cushing's disease (15) , and the development of spider telangiectases has been observed following ACTH therapy (16) . The mechanism by which these vascular changes occur is not clear. 5 cortisone-treated animals developed a marked lipemia beginning on the 10th day of treatment. There was no apparent relationship between the lipemia and the renal lesions.
DISCUSSION
The results of the present study confirm those of other investigators (1-5) in showing that cortisone may modify the cardiovascular and renal lesions of serum sickness type hypersensitivity which would otherwise develop following the intravenous administration of foreign albumin. Further, the quantitative immunological data clearly demonstrate that cortisone, in the dosage employed, had no effect on the "immune" phase of antigen elimination or on the subsequent appearance of circulating antibody. In previous studies (6, 7) in which sensitization of rabbits was produced by daily intracutaneous injections of small amounts of antigen rather than by a single intravenous injection of a large amount of antigen, cortisone in the same dosages markedly suppressed the appearance of antibody. It is clear that the effect of cortisone depends on the dosage, multiplicity, or route of antigen administration.
It is of interest that cortisone did not reduce the percentage of animals showing the type of granulomatous lesion of the spleen that results from hypersensitivity (9, 23) , nor did cortisone suppress the splenic changes which ordinarily develop following exposure to foreign protein (12). The development in the cortisone-treated animals of these splenic alterations which are thought to be indicative of antibody formation is in accord with the immunological findings which indicate that antibody production was unaffected by treatment with cortisone.
Although cortisone inhibited most of the allergic visceral lesions, this hormone had no effect on the development of the Arthns reaction. 5 of 7 control animals (71 per cent) and 3 of 5 cortisone-treated animals (60 per cent) which developed circulating antibody responded with an Arthus reaction to the injection of albumin (Tables I and II) . These results corroborate previous work which indicated that suppression of the Arthns reaction by cortisone requires that the appearance of serum antibody be inhibited (5) (6) (7) (8) .
It is evident that inhibition by cortisone of the cardiovascular and renal lesions in serum sickness type hypersensitivity does not require suppression of antibody production, The mechanism by which cortisone inhibits these visceral allergic lesions is not clear from the present study. It is well known that cortisone exerts an inhibitory influence o n inflammatory reactions produced by a wide variety of stimuli. The possibility exists that inhibition of the lesions of serum sickness may be due to hormonal suppression of allergic inflammation.
Regardless of the mechanism by which cortisone inhibits the visceral allergic lesions, it is clear that the protection is of a limited nature. In previous work from this laboratory (17) it was demonstrated that cortisone markedly suppressed the inflammatory reaction resulting from infection with a slightly virulent pneumococcus, but had no effect on the inflammation produced by a highly virulent strain of this organism. In a comparable way, an inhibition of the allergic inflammatory reaction by cortisone is seen only when the stimulus is small, and is lost when the reaction is severe. Consequently, complete inhibition of the Arthus reaction, in contrast to that of the visceral allergic lesion, requires an additional effect of cortisone, namely a suppression of the appearance of antibody in the serum (7) .
In summarizing the action of cortisone on hypersensitivity, it would appear that cortisone may inhibit anaphylactic allergy by two separate means: by suppression of antibody production and by suppression of the damaging effects of antigen-antibody union. In regard to most human allergies, as well as in the case of experimental serum sickness, any therapeutic benefit of cortisone would seem to be derived from the latter mechanism and suppression of antibody production does not seem to play a part (18, 19) . On the other hand, in the Arthus reaction and in certain diseases due to immune mechanisms, such as acquired hemolytic anemia and thrombocytopenic purpura, suppression of circulatory antibody by cortisone may be the more important effect (20, 21) .
S U M M A R Y
Cortisone markedly suppressed the cardiovascular and renal lesions of serum sickness type hypersensitivity which ordinarily develop following the intravenous injection of bovine albumin. The inhibitory effect of cortisone on the allergic granulomatous lesions of the spleen was less striking; the lesions were less extensive, but the percentage of animals affected was unchanged.
Cortisone in the dosage employed had no effect on the elimination of antigen following its intravenous administration or on the appearance of circulating antibody. These findings indicate that inhibition of the lesions of serum sickness by cortisone does not depend on the suppression of antibody production. Therefore, it is inferred that cortisone somehow protects the animal from the damaging effects of antigen-antibody union. 
